Objective: In recent years, antiviral products modified with various antiviral agents are now widely studied and developed. The establishment of appropriate antiviral testing methods for such products is necessary to discuss the efficiency of antiviral agents in the products. In this study, quantitative antiviral testing methods for textile fabrics were studied under several test conditions. Method: Influenza virus and feline calicivirus were used as model viruses. A cotton fabric and a 100% polyester fabric were used as control samples and Ag nanoparticles were used as model antiviral agents. In testing the antiviral performance of a product with an antiviral treatment, a virus suspension is inoculated onto the product and subsequently washed out of the products. The virus infectivity titer in the washed-out suspension is then measured. The viral infectivity titer of the test suspension was determined by counting the plaque-forming units (PFU). In estimating the antiviral activity of textile products, the components of the virus suspension, the contact time, and the contact temperature were chosen as study points.
Introduction
In recent years, demand for antiviral products has been expanding in many fields where the aim is to achieve a comfortable and clean life. Furthermore, there has also been an increase in interest in infections by such viruses as the influenza virus, norovirus, and respiratory syncytial virus. Various antiviral products have been developed in response to these circumstances, and various types of antiviral agent for use in such products are now widely studied and developed. However, their antiviral mechanisms have not been thoroughly investigated. As a result of these factors, the establishment of appropriate antiviral testing methods is necessary from the view-points of both basic science and applications.
There are many reports, with many study examples, on evaluation methods for products with antimicrobial finishes. Bacteria and molds have the ability to self-propagate through metabolism under nutrient conditions. Consequently, most evaluation systems are designed to evaluate the inhibitory effect of treatment agents on the proliferation of bacteria and molds by incubating these microorganisms on the surfaces a test subjects or inside the subjects [1] [2] [3] [4] . Because viruses do not have a self-multiplication mechanism, these quantitative analysis strategies cannot be applied in testing antiviral products [5] . Antiviral activity therefore needs to be evaluated from the changes in the virus infectivity titer resulting from contact between a virus suspension and an antiviral finishing product. However, such methods have yet to be firmly established.
To establish a testing method, the following points should be considered. First, even when antiviral agents are not present under a set of test conditions, it necessary to take into account the possibility of virus inactivation as a result of, for example, concentrations of coexisting materials or the contact temperature. A test virus suspension is prepared by multiplying viruses infected into host cells. Eagle's minimal essential medium (EMEM) is generally used in multiplying an influenza virus or feline calicivirus by cell culture [6, 7] . Although EMEM is an optimized growth medium for culturing host cells, many of its components, such as amino acids, inorganic salts, and vitamins, might operate as inactivation factors for viruses. Secondly, it is necessary to take into account the possibility of virus inactivation by components other than antiviral agents on the surfaces of products lacking an antiviral treatment. In testing the antiviral performance of a product with an antiviral treatment, a virus suspension is inoculated onto the product and subsequently washed out of the products. The virus infectivity titer in the washed-out suspension is then measured. It is therefore necessary to take into account both the virus washout efficiency from the product and virus inactivation by contact with the surface of product. In the case of the quantitative evaluation of fungal activities on textile fabrics, the fungal growth activity values obtained by means of the colony-counting method depend on the morphological state of the fungi on the fabric, because the morphological state affects the wash-out efficiency of fungi from textile fabrics [8] . Although viruses do not undergo morphological transformations on textile fabrics, it is necessary to make allowances for the wash-out efficiency of viruses from these materials.
In this study, an antiviral performance test was studied by using textile products as examples of anti-virally treated products. First, we investigated whether either the concentration of EMEM used in preparing the virus suspension or the temperature at which the test was conducted affected the virus infectivity titer. Then, by using untreated textiles, we investigated the virus washout efficiency of the textiles and virus inactivation by contact with the textiles. Finally, we investigated the antiviral activity of an anti-virally treated textile prepared by immobilizing silver nanoparticles on cotton fabric.
Materials and Methods
In estimating the antiviral activity of textile products, the components of the virus suspension, the contact time, and the contact temperature were chosen as study points. We evaluated the change over time of the virus infectivity titer on a 100% cotton fabric, without the fluorescent brighteners or other finishes mentioned in ISO 18184 [8] , and on a 100% polyester fabric. These were treated with a virus suspension, and any differences in the efficiency of wash-out of the virus from the textile products caused by the textile materials were analyzed. Additionally, we evaluated the changes over time in the virus infectivity titer caused by the components of the test virus suspension, by the contact time, and by the contact temperature, and we determined the optimal test conditions for the antiviral test. Initially, we chose a contact time of 2-24 hours, and contact temperatures of 4°C, because the virus is stable at this temperature, and 25°C, because of the presumed environment for the use of the antivirally finished textile products. Experiments are repeated 3 times per 1 experimental data, and the average value of 3 experimental data is adopted.
Treatment of virus suspensions by ultrafiltration or ultracentrifugation or purification by the density-gradient method are effective methods for suppressing the effects of cell debris in the virus suspension or EMEM on the virus infectivity titer. In this study, however, we chose the method of dilution with purified water, which reduces the effect of the EMEM on the virus infectivity titer, and does not need any specific operations.
Preparation of test specimens
A 100% cotton fabric, without fluorescent brighteners or other finish mentioned in ISO 18184 [9] , and a 100% polyester fabric were used as control samples. An antiviral textile fabric was prepared by immobilizing Ag nanoparticles onto the cotton fabric by using a radiochemical technique reported elsewhere [8] . The amount of Ag nanoparticles on the fabric was controlled by the precursor to give 146 μg of Ag per gram of fiber. Specimens with a mass of 0.4 grams were each placed in a 30 ml vial that was autoclaved at 121°C for 15 minutes. After sterilization, the vials were transferred to a safety cabinet for 60 minutes to cool and dry the specimens.
Test virus
We used two viral species and two host cell lines, as described in ISO 18184 [9] . The two viral species were Influenza A virus (H3N2) (A/Hong Kong/8/68; TC adapted ATCC VR-1678), an enveloped virus, and feline calicivirus strain F-9 ATCC VR-782, a non-enveloped virus. The host cell lines were MDCK cells ATCC CCL-34 for the Influenza A virus and CRFK cells; ATCC CCL-94 for the feline calicivirus.
Preparation of virus suspensions
The viral suspensions were prepared according to ISO 18184 [9] .
Influenza virus: The growth medium was drained from a 75 ml flask containing MDCK cells cultured in a monolayer at 37°C under 5% CO 2 for three days in EMEM containing 10% fetal bovine serum (FBS). The surface of the cultured cells was washed with EMEM, and the medium was drained. This washing procedure was repeated twice. A suspension of influenza virus (1.0 ml), prepared to a concentration of approximately 10 3 PFU/ml, was inoculated onto the surface of the cells in the flask, and spread over the entire surface. The flask was placed in a CO 2 incubator at 34°C and kept at this temperature for one hour to adsorb the virus onto the cells. EMEM containing 1.5 ppm trypsin derived from beef pancreas was added to the flask, and the preparation was incubated in the CO 2 incubator at 34°C for two days to multiply the influenza virus. The multiplied virus suspension was centrifuged at 4°C and 1000 grams for 15 minutes. The supernatant was then removed from the centrifugation tube. The concentration of the resulting virus suspension was approximately 10 8 PFU/ml. Finally, the virus suspension was diluted tenfold with EMEM or purified water as a diluent to give a test suspension of the influenza virus with a concentration of approximately 10 7 PFU/ml. The virus suspension diluted by EMEM is referred to henceforth as the 1/1 EMEM virus suspension, and that diluted by purified water is referred to as the 1/10 EMEM virus suspension.
Feline calicivirus: Growth medium was drained from a 75 ml flask containing CRFK cells cultured in a monolayer at 37°C under 5% CO 2 for three days in Dulbecco's modified Eagle's medium (DMEM) containing 10% FBS. The surface of the cultured cells was washed with EMEM, and the medium was drained. The washing procedure was repeated twice. A suspension of feline calicivirus (1.0 ml) prepared to a concentration of approximately 10 7 PFU/ml was inoculated onto the surface of the cells in the flask and was spread over the entire surface. The flask was placed in a CO 2 incubator at 37°C and kept at this temperature for one hour to adsorb the virus onto the cells. EMEM was added, and the flask was incubated in the CO 2 incubator at 37°C for one day to multiply the feline calicivirus. The multiplied virus suspension was centrifuged at 4°C and 1000 grams for 15 minutes. The supernatant was then removed from the centrifugation tube. The concentration of the resulting virus suspension was approximately 10 8 PFU/ml. Finally, this virus suspension was diluted tenfold with EMEM or purified water as diluents to give a test suspension of feline calicivirus with a concentration of approximately 10 7 PFU/ml. The virus suspension diluted by EMEM is referred to hereafter as the 1/1 EMEM virus suspension, and that diluted by purified water is referred to as the 1/10 EMEM virus suspension.
Inoculation and plaque-counting method
The virus infectivity titer was measured by a plaque-counting method performed according to the ISO 18184 guideline [9] . Each specimen was inoculated with 0.2 ml of virus suspension (1.0 × 10 7 PFU/ml). A 50 ml centrifugation tube was charged with 0.2 ml of the virus suspension (1.0 × 10 7 PFU/ml) to analyze the stability of the virus in a virus-only suspension. After inoculation, the specimens were kept at 4°C or 25°C for 2, 12, or 24 hours. Subsequently, 20 ml of soybean casein lecithin polysorbate 80 (SCDLP) medium was added to each vial or centrifugation tube, and the viruses were washed out by vortexing five times for five seconds each time.
The virus infectivity titer in the washed-out suspension was determined by enumerating plaque-forming units (PFU). Figure 1a shows the changes in the feline calicivirus infectivity titer over time as functions of the components of the virus suspension and the contact time. When the contact temperature was 4°C, the infectivity titer of the feline calicivirus in both the 1/1 EMEM virus suspension and the 1/10 EMEM virus suspension showed only a slight decrease. The infectivity titer of the feline calicivirus in the 1/10 EMEM virus suspension at 25°C also showed only a slight decrease, whereas the infectivity titer of the feline calicivirus in the 1/1 EMEM virus suspension at 25°C showed a significant decrease. Figure 1b shows the changes in the influenza virus infectivity titer over time as functions of the composition of the virus suspension and the contact time. The infectivity titer of the influenza virus in the 1/10 EMEM virus suspension at 4°C showed only a slight decrease whereas the infectivity titer of the influenza virus in the 1/1 EMEM virus suspension at 4°C showed a small decrease after a 24 hour contact period. The infectivity titer of the influenza virus in the 1/1 EMEM virus suspension at 25°C showed a single-digit decrease after a 24 hour contact period. The infectivity titer of the influenza virus in the 1/10 EMEM virus suspension at 25°C showed little decrease after a 24 hour contact period. We therefore showed that the experimental conditions of the EMEM concentration and the contact temperature can affect virus inactivation. As already mentioned, EMEM is widely used as a medium for test virus suspensions because it is an optimized growth medium for culturing host cells. Our results show that the concentration of EMEM and the contact temperatures must be carefully chosen to construct appropriate conditions for testing virus inactivation. We also showed that inactivation behaviour depends on the type of virus; this difference might result from the presence or absence of a viral envelope.
Results and Discussion

Temporal changes in virus infectivity titers
Changes in virus infectivity titer on textiles
To evaluate the activity of antiviral agent immobilized on textile fabrics, the virus suspension was first dropped onto the textile fabric. After the viruses had been in contact with the antiviral agent for a specified time, the viruses were washed, and the viral infectivity titer was determined by PFU testing. It was necessary, therefore, to take into account the adsorption of the virus by the fiber material and/or the virus inactivation caused by the fiber material itself. In this study, the adsorption and/or inactivation of viruses by the textile fabrics without antiviral agents were investigated by using a 100% cotton fabric and 100% polyester fabric. Figure 2 shows the changes in the feline calicivirus infectivity titer over time as a function of the nature of the untreated textile fabric, the composition of the virus suspension, and the contact temperature. When the contact temperature was 4°C and virus suspension was the 1/10 EMEM virus suspension (Figure 2a) , the feline calicivirus infectivity titer in the presence or absence of the textile fabric was more or less the same. These results showed that the virus was washed out from the textile fabrics efficiently under the test conditions, and that virus was not inactivated by the fiber materials. Under other experimental conditions (Figures 2b-2d) , the infectivity titer of the feline calicivirus in the presence of the textile fabrics showed slight decrements compared with the titers in the absence of the textile fabrics, probably due to adsorption and/or inactivation by the textile fabrics. Although the decrement was relatively small, this adsorption and/or inactivation must be taken into account when performing antiviral tests under these experimental conditions. (Figure 2) , the infectivity titer of the influenza virus showed a significant decrease as a result of contact with the textile fabric, especially the cotton fabric. These results indicate that the washing out efficiency and/or degree of inactivation of viruses depends on the experimental conditions (contacting time, temperature, and EMEM concentration), the type of textile fabric, and the nature of the test virus. Therefore, in antiviral performance tests using anti-virally treated textile products, a relative comparison with untreated specimens is essential. Furthermore, it is also necessary to choose appropriate test conditions for each specific characteristic of the test product. Among the present experimental conditions, a lower temperature, a shorter contact time, and a low EMEM concentration appear to be appropriate.
We have therefore shown that the influenza virus showed a more significant decrement in infectivity titer on contact with the textile fabrics than did the feline calicivirus. At the present stage, it is difficult to determine whether this decrement is caused by adsorption or inactivation, and further study is required.
Effects of silver treatment of fabrics
As shown above, in antiviral performance testing of anti-virally treated textile products, a comparison with untreated specimens is essential when examining the virus inactivation caused by the treated textile material. We therefore conducted antiviral tests by using Agtreated cotton fabric and untreated cotton fabric with the 1/1 EMEM virus suspension and the 1/10 EMEM virus suspension. The contact temperature was 25°C. Table 1 : Changes in the virus infectivity titer over time on cotton fabrics. Table 1 shows the changes in the virus infectivity titer over time on Ag-treated cotton fabric. There was significant difference in the feline calicivirus infectivity titer in the 1/10 EMEM virus suspension between the Ag-treated and the untreated cotton fabrics. On the other hand, there was no difference in the feline calicivirus infectivity titer in the 1/1 EMEM virus suspension between the Ag-treated and the untreated cotton fabrics. The feline calicivirus infectivity titer in 1/1 EMEM virus suspension at 25°C, as mentioned above, decreased over time on both Ag-treated and untreated cotton fabrics. Because the feline calicivirus infectivity titer showed a significant decrease on untreated cotton fabric, the antiviral effect of Ag treatment could not be estimated. On the other hand, the feline calicivirus infectivity titer in 1/10 EMEM virus suspension at 25°C showed a significant decrease on the Agtreated cotton fabric after an 18 hour contact period. Under these conditions, the feline calicivirus infectivity titer in the 1/10 EMEM virus suspension at 25°C showed a slight decrease on the untreated cotton fabric. Therefore, a significant antiviral effect of Ag treatment was demonstrated after 18 hours of contact.
The influenza virus infectivity titer in the 1/10 EMEM virus suspension at 25°C showed a significant decrease on the Ag-treated cotton fabric after a two hour contact period. On the other hand, the influenza virus infectivity titer in the 1/1 EMEM virus suspension at 25°C showed only a slight decrease on the Ag-treated cotton fabric after a two hour contact period. These results showed that the concentration of EMEM might be a factor in the inactivation of the antiviral effect of the Ag nanoparticles. The reason for the inactivation of the Ag nanoparticles can be discussed by using their antibacterial mechanism as a reference. The antibacterial mechanism of Ag nanoparticles is usually discussed on the basis of their surface activity [10, 11] . It has also been reported that the surface of Ag nanoparticle can be easily passivated by thiol (SH) groups, resulting in a loss of antibacterial activity [12] . Because EMEM contain cysteine, an amino acid with a thiol group in its structure, surface passivation of the Ag nanoparticles might proceed before contact with the viruses. Although the antiviral mechanism of Ag nanoparticles is not understood, this surface passivation might be the reason for its inactivation.
Several types of antiviral agents other than Ag nanoparticles have now been widely studied, and their antiviral mechanisms differ depending on the type of agent [5, 13] . Therefore, it is possible that inactivation of antiviral agent might be caused by components of the virus suspension, as well as by other experimental conditions.
Conclusion
A quantitative method for antiviral activity testing of textile fabrics was investigated. We found that virus infectivity titers were significantly affected by such experimental conditions as the concentration of the medium of the virus suspension, the contact temperature, and the type of textile fabric. To estimate the antiviral efficiency under stable conditions for viruses, a lower temperature (4°C) and a lower EMEM concentration (1/10 EMEM) appear to be appropriate. We also showed that the viruses can be deactivated by contact with textile fabrics, even in the absence of antiviral agents. Therefore, a relative comparison with untreated specimen is essential in testing of treated samples. Furthermore, we also suggest that components present in the test medium might suppress the activity of antiviral agents. To summarize, it is necessary to choose appropriate experimental conditions for each particular testing purpose, taking into account the possibilities of virus inactivation and/or antiviral agent deactivation under the experimental conditions.
